We study how local U.S. newspapers respond to entry by TV broadcast stations in [1945][1946][1947][1948][1949][1950][1951][1952][1953][1954][1955][1956][1957][1958][1959][1960][1961][1962][1963]. We find that newspaper firms' responses depend on their customers' tendencies to multi-home (adopt both newspaper and TV) or single-home (adopt only newspaper or only TV). We also find that their prior experience responding to entry by radio stations improve their capability to respond to entry by TV stations. Our research builds on and extends literatures on platforms and learning-by-doing, and offers practical implications for managers in two-sided market settings.
INTRODUCTION
Firms across many industries today can be characterized as "two-sided," including search engines such as Google and Bing; online dating sites such as like eHarmony and Match.com; online deal marketplaces such as Groupon and LivingSocial; cable TV networks such as Time Warner and Comcast; credit card networks such as Visa and MasterCard; sharing-economy firms such as Uber, Airbnb, and Kickstarter; and video game consoles such as PlayStation and Xbox, among other examples. In these cases, firms serve as platforms connecting customers on different sides of the market (e.g., Uber connects drivers on one side to riders on the other side).
One of the big challenges faced by incumbent platforms is how to handle competition from new entrants. When a new platform arrives in the market, customers on either side of the twosided market can choose whether to switch to the new platform ("single-homing"), or adopt both platforms ("multi-homing") (e.g., Ambrus, Calvano, and Reisinger, 2016; Armstrong and Wright, 2007; Bresnahan, Orsini, and Yin, 2015; Corts and Lederman, 2009; Landsman and Stremersch, 2011; Piezunka, Katila, and Eisenhardt, 2015) . For example, when LivingSocial enters a market that was previously served by Groupon, users and merchants on Groupon could choose to switch to LivingSocial or use both platforms.
Understanding market participants' multi-homing tendencies on each side of the market has important strategic implications. Theoretical work (e.g., Gabszewicz and Wauthy, 2004) has shown that when agents on one side of the market choose to multi-home, agents on the other side of the market will prefer to single-home as they can reach the same group on the other side through one platform. At the same time, when agents on one side of the market are multi-homing, the competitive intensities between the platforms on that side of the market will be low. When agents are single-homing, however, platforms will need to compete aggressively to attract them. For example, if all consumers choose to visit both Groupon and LivingSocial (i.e., multi-homing), merchants need to work with only one platform to reach all potential consumers. Groupon and LivingSocial do not have to compete for consumers but need to compete more aggressively to attract merchants than consumers. Their strategies would be different if instead merchants were more likely to multi-home than consumers. Adding to this complexity is that platform strategies on both sides of the markets are linked via indirect network effects (Parker and Van Alstyne, 2005; Rochet and Tirole, 2003) . As a result, strategic changes on one side of market in response to entry will require adjustment of strategies on the other side of the market. Given the complexity of the strategic responses, we expect organizational learning from prior experience in responding to similar entrants (e.g., Eggers, 2014 Eggers, , 2016 King and Tucci, 2002; Klepper and Simons, 2000) to be particularly helpful to platform owners when they face new entrants.
To better understand how platform firms' strategies depend on their consumers' tendencies to multi-home and the role of prior experience on their ability to respond, we construct a historical dataset of U.S. newspapers for [1945] [1946] [1947] [1948] [1949] [1950] [1951] [1952] [1953] [1954] [1955] [1956] [1957] [1958] [1959] [1960] [1961] [1962] [1963] and study how newspapers respond to entry by TV stations in their markets. Newspapers are platforms that link together readers and advertisers on different sides of their market (e.g., Anderson and Gabszewicz, 2006) . We also consider how the newspapers' prior experience with entry by radio in earlier decades influences their responses to TV entry. To do so, we take advantage of several institutional features of the newspaper industry during this time period. First, during this time period newspaper markets are essentially geographically segmented with one or two newspapers per market (Gentzkow, 2006; Gentzkow, Shapiro, and Sinkinson, 2011) . Moreover, newspapers were known as either "morning" newspapers or "evening" newspapers, and were published and circulated to their subscribers accordingly. Approximately 80 percent of newspapers in 1940 were evening newspapers and this remained unchanged until about 1980 (see Figure 1 ). This feature is useful for our study because the entry of TV primarily affected evening and not morning newspapers. Morning newspaper subscribers are more likely to read the newspaper in the morning and watch TV at night (i.e., multihome), while evening newspaper subscribers are more likely to treat the evening newspaper and TV as substitutes, and potentially switch to TV for news (i.e., single-home). Second, TV entry was staggered across geography and time (see Figure 2) , owing in part to a decision by the Federal Communications Commission (FCC) to freeze new radio licenses during the Korean War, as we explain below (George, 2009; Baker and George, 2010) . This feature provides a quasi-natural experiment that we exploit in our empirical approach. Third, radio stations had entered media markets in the early 1900s, and many features of the radio industry are shared by the TV industry.
Thus, this feature allows us to study how platforms operating in two-sided markets learn from technological shocks over time. with multi-homing and single-homing consumers (i.e., for morning and evening newspapers, respectively), and derive several empirically testable hypotheses, which compare the responses to TV entry between newspapers with multi-homing and single-homing subscribers. Our theory predicts that when a TV station enters the market, newspapers with multi-homing customers (morning newspapers) will have higher subscription prices, higher circulation, and similar ad rates per subscriber, relative to newspapers with single-homing customers (evening newspapers). We next draw from a rich literature on learning-by-doing to argue that a newspaper firm's ability to respond to entry by a TV station depends on the amount of its prior experience with technologies with similar characteristics such as radio stations. We then take our hypotheses to data, and find broad empirical support for our hypotheses.
Our study makes several contributions. First, it adds to the growing literature on platform strategies (e.g., Eisenmann, Parker, and Van Alstyne, 2011; Iansiti and Levien, 2004; Kapoor and Agarwal, 2017; Piezunka et al., 2015; Yoffie and Cusumano, 2015) . Unlike prior studies where customers' multi-homing tendencies are assumed to be the same across all platforms in a market (e.g., Armstrong 2006; Casadesus-Masanell and Zhu, 2010; Choi, 2010; Landsman and Stremersch, 2011; Zhu and Iansiti, 2012) , we provide an empirically rigorous account of how a platform responds to entry by another platform in a setting with varying degrees of multi-homing tendencies. We show that optimal platform strategies could change substantially when taking multi-homing into account. These findings provide empirical support of our own theory and hypotheses, and add to a growing literature on two-sided markets. Second, by studying how a platform firm's history matters for its future strategic decisions, we link the literature on learningby-doing to the literature on two-sided markets. We therefore contribute to a broader research program that aims to build a fuller understanding of how insights from "one-sided" markets can be incorporated into the growing "two-sided" market literature (e.g., Park, 2017; Seamans and Zhu, 2017; Wright, 2004) . Third, by studying how newspapers respond to entry of TV, we gain some insight into how incumbent platforms in two-sided markets respond to entrants using new technology. We find evidence that, unlike the prediction in the theoretical literature in which advertisers will single-home when consumers multi-home (e.g., Gabszewicz and Wauthy, 2004) (Gentzkow, Shapiro, and Sinkinson, 2011) .
Newspapers, like TV, can be thought of as a platform connecting two sides of a market.
Both newspapers and TV provide content to consumers, which can be thought of as either readers or viewers, depending on the medium. Similarly, both newspapers and TV provide eyeballs (those of the readers/viewers) to advertisers. While the newspaper business was homogenous in the sense that they derived most of their revenue from advertising, there were important differences among newspapers. Most relevant for our study, newspapers differed depending on their timing of publication or circulation. Some newspapers were distributed in the morning, which covered news of events that occurred in the prior day, while other newspapers were distributed in the evening, which covered news of events that occurred on that day. Throughout the 1940s-1960s, there were significantly more evening newspapers than morning newspapers (see Figure 1) . This difference in the timing of publication may lead to different responses to the entry of new media formats such as television broadcasting.
TV stations
The first prototypes of television receivers were made in the early 1920s, and television 
Radio stations
Expansion of radio broadcasting predated the entry of television stations. Commercial radio broadcasting in the United States began in 1920. KDKA was the first station that received a federal license for radio broadcasting and the station began broadcasting on November 2, 1920. Similar to early television broadcasting, early radio programs were offered mostly in the afternoons and in the evenings. 1 This meant that radio broadcasting, like television broadcasting, competed with evening newspapers for advertising revenues. In fact, during the early 1930s, the newspaper industry sought to block radio transmission of news on the grounds that H. G. Wells' story of "The War of the Worlds" was construed as real news and instigated mass hysteria. The substitution effect of radio entry on newspapers, however, was not as severe as the introduction of television broadcasting because it is possible to read (newspapers) and listen (to radios) at the same time (Gentzkow, 2006) .
THEORY AND HYPOTHESES
In this section, we develop our hypotheses on (a) how the effect of TV entry on newspaper ad rates, subscription prices, and circulation depends on a newspaper being morning or evening, the former indicating higher likelihood of consumer multi-homing, and (b) how a newspaper's prior history with radio affects its ability to respond.
We first present a stylized model to highlight the intuition behind firm strategies under single-and multi-homing. To more tightly link the theoretical findings to our empirical setting and for ease of exposition, we have chosen features of the model such that they are consistent with the underlying structure of a newspaper's business model.
Consider a newspaper that charges a lump-sum price of α to each advertiser and p to each subscriber. For simplicity and without loss of generality, we assume the marginal cost the newspaper incurs on each side of the market to be zero. On the subscriber side, we assume that the market size is S and the demand for the newspaper is Ds = S -p. Hence, the newspaper's subscription profit will be Dsp. Similar to Armstrong (2006) , our functional form implicitly assumes that demand for the newspaper on the subscriber side is independent of the number of ads carried by the newspaper. This assumption is consistent with empirical findings on the newspaper industry as reported in Argentesi and Filistrucchi (2007) . On the advertiser side, let β, a small positive number, be the return of each advertiser from reaching one newspaper subscriber. The demand for advertising space is Da = βDs -α. We similarly obtain the newspaper's profit on the advertiser side as Daα. Hence, the total profit of the newspaper can be described as: π = Dsp + Daα.
Solving for the newspaper's optimal pricings, we have:
and .
The equations are intuitive. As the potential market size, S, increases, the newspaper is more likely to attract a large subscription base and thus becomes more attractive to advertisers.
Hence, it can charge more on both sides of the market. In addition, as the return from advertising (β) increases and the ad side of the business becomes more attractive, the newspaper decreases subscription price (p) in an effort to attract more subscribers and charge a higher rate (α) to the advertisers.
The equilibrium demand on each side of the market is: and .
As expected, the demand on each side increases with both S and β. In equilibrium, the ad rate per subscriber:
which is the effective price advertisers pay to reach one newspaper subscriber.
Role of Single-and Multi-homing
We now consider single-and multi-homing after a TV station enters the market. For instance, readers may get news content from newspaper and from TV without having to choose one over the other. Similarly, advertisers may advertise both in newspapers and on TVs. As subscribers' demand for newspaper is independent of the ads but advertisers' decisions depend on subscribers' choices, we first consider subscribers' single-and multi-homing behavior and, depending on their choices, consider whether advertisers choose to single-or multi-home.
If consumers are single-homing, some of them switch to TV for news and hence the potential market size for newspaper, S, decreases. From equations (1) and (2), this implies that price and circulation will decrease. The advertisers will prefer multi-homing, as they can reach different consumers through the newspaper and the TV. The advertisers' return from reaching one newspaper subscriber, β, remain the same. From equations (1) to (3) If consumers are multi-homing, the potential market size for newspaper, S, does not change.
In this case, the advertisers may have incentives to single-home, as they need to reach their potential consumers through only one channel. On the other hand, TV and newspapers offer different types of ads and hence there is synergy for an advertiser to reach the same consumer through both channels. Chandra and Kaiser (2014) In our empirical analysis, we expect to observe these differences between morning newspapers and evening newspapers.
Role of Prior History: Experience with Radio
Firms exist because they excel in sharing and transferring knowledge (Foss, 1996; Kogut and Zander, 1992) . For firms to grow or adapt to changes, they need to learn and expand their knowledge base. The literature on learning suggests that past experience can generate learning that enhances growth, competitiveness, and survival (e.g., Arrow, 1962; Baum and Ingram, 1998; Dencker, Gruber, and Shah, 2009; Huber, 1991) . repositioning on the subscriber side of the market, and these newspapers benefit from having a "sister" newspaper (owned by the same parent firm) that experienced Craigslist's entry.
The literature on learning-by-doing provides evidence that firms benefit from replication of an experience by moving down a learning curve. For example, in the context of the chemical industry, Lieberman (1989) shows that prior product experience drives down cost and can deter entry. Levitt and March (1988) point out that organizations learn by encoding inferences from history into routines, which in turn guide their future behaviors, and learning can occur through trial-and-error experimentation. Through experiments, Schilling et al. (2003) find that some degree of variation can improve the learning rate. Kim, Kim, and Miner (2009) find that both the success and the recovery experience of a firm generate survival-enhancing learning, but only after a certain level of experience is reached. A number of studies (e.g., Chiesa and Frattini, 2011; Eggers, 2014 Eggers, , 2016 King and Tucci, 2002) find that firms learn from their prior experience with technological changes and new markets. Past experience may build absorptive capacity (Cohen and Levinthal, 1990 ) that allows firms to be more efficient in incorporating new technology. Similar to our study,
Klepper and Simons (2000) relate experience in the radio market to performance in the TV market.
They show that more experienced radio firms are more likely to enter TV manufacturing, and have greater market shares and longer survival in the TV market. Notably, however, all these prior settings are one-sided markets.
Learning-by-doing could be particularly important for platforms in two-sided market settings because of the complexity involved in strategic decision making as discussed above. We expect that a platform that experiences a disruptive shock from another technology to learn how to respond to this shock, and be more readily able to respond to a similar technological shock in the future. As indicated in our institutional setting discussion above and in Klepper and Simons (2000) , radio shares many characteristics with TV. We thus expect that newspapers with more experience responding to radio entry learn how to better respond when TV enters:
The relationships identified in H3 are stronger for newspapers that had significant experience competing with radio stations.
DATA AND METHODS

Data
We collect data from multiple historical sources. We define the relevant market to be the county in which the newspaper is based, an approach consistent with other research in this area (e.g., Gentzkow and Shapiro, 2010; Seamans and Zhu, 2014 ) and roughly consistent with TV broadcast coverage.
*** [1945] [1946] [1947] [1948] [1949] [1952] [1953] [1954] [1955] [1956] [1957] [1958] [1959] [1960] [1961] [1962] [1963] . We focus on these years because they are the most active years of TV entry (see Figure 1 ) and because of data availability. The yearbooks contain data on virtually every newspaper in the U.S., and have been used extensively for newspaper studies (e.g., Gentzkow and Shapiro, 2010; Seamans and Zhu, 2014 We construct the variable morning_newspaperi to indicate whether newspaper i is published and distributed in the morning (morning_newspaperi = 1) or in the evening (morning_newspaperi = 0). In some cases, a newspaper is circulated both in the morning and in the evening. For those newspapers, we calculate the circulation share of morning paper (i.e., circulation of morning paper / (circulation of morning paper + circulation of evening paper)). If the circulation share of the morning paper is larger than 70 percent, we label such newspaper as a morning newspaper. Our results are robust to different thresholds (e.g., 80 percent, 90 percent).
Notably, the designation of "morning" or "evening" newspaper does not change noticeably with time. As indicated in Figure 1 , the proportion of each remains relatively stable until the late 1970s. given geographical market and the founding year of the radio station. Both E&P yearbooks and the American Radio History archive were digitized by a firm in India.
We also include the population over the age of 21 at the county level (Population 21+it) as a demographic control variable in some regressions. We prefer this measure of population over others, as it would seem to do a good job of capturing the population of working individuals, who are the likely target of any advertisers (though as described below our results are robust to alternate population measures). This data is available at the county level for each census year 1940, 1950, 1960, and 1970 from the U.S. Census Bureau. Based on these known values, we interpolate the values for the missing intercensal years.
Methods
Our empirical approach relies on differences in the presence of a TV station across and within newspaper markets over time. Similar to prior studies (George, 2009; Baker and George, 2010; Gentzkow, 2006) , we leverage the exogenous variation in TV broadcasting station penetration across geographical markets caused by the TV licensing freeze between 1950 and 1952 to establish causal relationship: it is unlikely that any local newspapers anticipated this freeze (or the Korean War which extended the freeze).
We also rely on differences in exposure to radio, which we define as the number of years that elapse from the first radio station that enters a newspaper's market to the entry of a TV broadcast station. As we argue in our theoretical section above, a newspaper's experience competing with radio should provide it with useful information that help it to compete against TV.
In the same way that the timing of TV entry into a market is unanticipated, so too is the newspaper's exposure to radio prior to TV's entry.
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We use the following regression specification in our analysis:
where Outcomeit are the logarithms of Ad rateit , Priceit, and Circulationit. We take logarithms of these variables because Table 1A indicates that these variables are highly skewed. Xit is a matrix of other newspaper-year or market-year variables. In most regressions, we use the county-year estimate of population in a market, though robustness tests described below use alternate measures. The variables γi and ηt are fixed effects for newspaper and year. Errors are clustered at the county level.
For the radio experience analysis, we redo the analysis after splitting the data into roughly equal subsamples, depending on the number of years of experience with radio (above and below the median number of years of experience). We expect to observe stronger newspaper responses when the number of years of experience is greater.
RESULTS
Main results
We first present our newspaper results separately for morning and evening newspapers in Table 2, before presenting results with interactions in Table 3 . Columns 1-3 in Table 2 report the results for morning newspapers, and Columns 4-6 show the results for evening newspapers. The effect of
TV_in_marketit differs for morning and evening newspapers. For morning newspapers, the main effect of TV_in_marketit is not significant for any of the dependent variables being studied. For evening newspapers, the entry of TV leads to a significant decline in subscription prices (p-value = 0.032) and circulation (p-value = 0.002) but not in ad rates. The coefficients of the regression indicate that the entry of TV leads to roughly 1.5 percent drop in price and 3.3 percent decline in circulation for evening newspapers. These findings are consistent with Hypotheses 1 and 2. *** Table 2 about here*** Table 3 reports similar results using interactions. We find that the coefficients of Morning_newspaperi*TV_in_marketit are significant only for subscription prices and circulation but not for ad rates. Morning newspapers' subscription prices and circulation become 3.6 percent and 3.8 percent higher than evening newspapers, respectively, as a result of the entry of TV. These results are in line with our expectations in Hypothesis 3.
*** Table 3 about here*** We next investigate how experience with radio conditions a newspaper's response to TV entry. These results are presented in Table 4 . Columns 1-3 provide regressions on the sub-sample of newspapers that have "high" experience with radio (14+ years of radio experience prior to TV entry) and Columns 4-6 provide regressions on the sub-sample of newspapers that have "low" experience with radio (<14 years of radio experience prior to TV entry). The coefficients in the "high" experience category are generally of similar magnitude and significance to those presented in Table 3 . The coefficients in the "low" experience category (except for the constants) are generally not significant. These findings are consistent with our expectations-it appears that more experience with radio "strengthens" newspapers' ability to respond to TV entry-as stated in Hypothesis 4. *** Table 4 about here***
Robustness tests
We believe our results are robust to numerous alternative explanations. Our regressions include newspaper-fixed effects, which control for idiosyncratic firm differences. The year-fixed effects control for year specific shocks that affect all newspapers (such as recessions). Our regressions also include annual county population, which helps to control for any market-specific changes in demand for newspaper or TV. In addition, as we argue in our Methods subsection above, the entry of TV into a market is arguably exogenous, and unanticipated by the local newspaper. The FCC's freeze provides us with temporal and geographic variation in the entry of TV. This helps us rule out that any effect of entry of TV into a market is due to a contemporaneous shock that affects all markets at the same time. Nevertheless, we undertake several robustness tests to rule out other alternative explanations and present the results in an Appendix. Second, to rule out that outliers (perhaps from poor coding done by the firm we used) are driving our results, we winsorize our dependent variables at the 1 percent and 99 percent levels.
These results, presented in Appendix B, are similar to those presented above.
Third, we replicate our main results in separate regressions using alternate measures of county-year population such as total population in the county, male population in county, and female population in county. The results using total population are presented in Appendix C; the other population results are largely similar.
Fourth, we are worried about a more complicated story that TV entry affects the nature of competition among newspapers more generally, and in turn leads to changes in advertising rates, subscription prices, and circulation. We thus replicate our main results after restricting our sample of newspapers to those which are monopolists or duopolists in their markets. The results, presented in Appendix D, are similar to our main results, and suggest that this "indirect" effect among newspapers is unlikely to be the causal reason for the change in newspaper behavior; rather, newspapers are responding to entry by TV.
Fifth, we are concerned that our findings are caused by entry and exit of newspapers before or after the TV entry shock. For example, if a large number of high circulation newspapers exited immediately after TV entry, that may drive down the "average" of the TV entry effect that we observe in Column 3 of Table 3 . We conduct a robustness check by restricting our analysis to the set of newspapers that we have observations for at least three years before and after the TV entry shock. The results, presented in Appendix E, are similar to our main results and help rule out this alternative explanation.
Finally, we provide a falsification check of our radio experience (Table 4) results. Recall our argument that newspapers with more experience dealing with radio entry will have had more time to learn how to deal with similar disruptive technological shocks. We take advantage of the fact that some newspapers were founded in a market after radio entered that market. These newspapers have spent their entire corporate lives operating in an environment with radio; they never needed to make an adjustment from their old strategies to the new ones, so they have learned little about how to adapt to technological shocks. In Appendix F, we split the sample of newspapers into those which were founded prior to radio entry and those which were founded after radio entered their market. The coefficients of interest are largely significant in the subsample founded before radio entry with expected signs, and largely insignificant in the subsample founded after radio entry.
DISCUSSION AND CONCLUSION
Our paper provides a study of how U.S. newspapers respond to local entry of TV broadcasting stations during 1945-1963. Our empirical setting takes advantage of a quasi-natural experiment:
the staggered geographic and temporal rollout of TV stations that were temporarily halted during the Korean War. We also consider how the newspapers' prior experience with entry by radio in earlier decades influences their responses to TV entry. We find that newspapers in markets that are more likely to have multi-homing customers (i.e., morning newspapers and TV) have higher prices and higher circulation relative to newspapers in markets with single-homing customers (i.e., evening newspapers and TV). These results suggest that platforms need to take their users' multi-homing tendencies into consideration when adjusting their strategies in response to entry. We also find that these effects are stronger for newspapers with more experience with radio. These results suggest that "ability to adapt" to technological shocks in two-sided market settings is an important capability that shapes a platform's response. Additional results (in Appendix F) suggest that it is a capability that needs to be learned from experience, not observed vicariously.
Our study makes several contributions. Importantly, we demonstrate the value of linking two-sided market theory to a broader corporate strategy literature by studying how a platform firm's prior history matters for its future strategic decisions. Moreover, we provide theoretically grounded empirical evidence of how a platform firm responds to entry by another platform in a setting with varying degrees of multi-homing tendencies-an area with recent theoretical research, but little empirical work. Finally, even though our study draws from a historical context over half a century ago, we believe it has implications that are managerially relevant today. Firms in multiple industries can now be characterized as "two-sided"; firms in these settings need to consider how their customers' behavior-i.e., whether they multi-home or single-home-may influence the trajectory of competition in a market.
While our empirical setting and a battery of robustness checks help assuage concerns around selection and other types of endogeneity, our findings and research design do have limitations. First, our story relies only on indirect evidence of learning by doing based on the number of years that radio has been in a newspaper's market. Future research may want to gather more direct evidence to better understand the mechanisms through which learning occurs. Second, for data availability reasons, we focus only on price, ad rate and circulation responses. However, firms have other means of responding to technological disruption, including resource reconfiguration (Karim and Mitchell, 2000; Lieberman, Lee, and Folta, 2017), cost cutting (Love and Nohria, 2005) , and other types of differentiation (Seamans and Zhu, 2017; Shaver, 2014, 2016) . Future research may want to examine how single-and multi-homing affect non-price dimensions of strategy. Third, firm strategies such as product differentiation and exclusive contracts may influence single-homing and multi-homing tendencies (e.g., Cennamo and Santalo, 2013) . Future research can explore the effectiveness of these strategies in other settings. Finally, we study the role of single-and multi-homing in a single industry. The benefit of this approach is that it allows us to take advantage of several key institutional features (such as multiple, geographically segmented markets and staggered entry of TV into these markets), but the drawback is that we cannot know how well these results generalize to other settings. Thus, future research may want to examine single-and multi-homing in other settings. 
